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D scription 

The present invention relates to an artificial 
ligament which may be used to replace damaged 
or missing ligaments, particularly the anterior 
cruciate ligament (ACL) of the human knee joint, 
although similar artificial ligaments could be used 
at other sites, such as an ankle or in other species, 
for example the canine ACL 

Ligaments are found at all of the joints of the 
skeleton. They act to limit the motion of bones 
relative to each other, thus providing stability to the 
joint. Ligaments are effectively passive tensile re- 
straints, which originate from one bone and insert, 
across the joint, on another. Artificial ligaments are 
required because the natural ligaments heal slowly 
and are often damaged irreparably. 

When implanting an artificial ligament, although 
it is initially fixed in place by some type of fixation 
device, further fixation after surgery may be 
achieved by ingrowth of tissue into the ligament 
structure. Various types of ligament have been 
developed, of which an example which corre- 
sponds to the preamble of Claim 1 is described in 
European Patent Application No 106501. This par- 
ticular ligament consists of multiple loops of a 
single continuous fibre of expanded poly- 
tetrafluoroethylene (PTFE), the fibre itself compris- 
ing solid nodes of PTFE extending across the fibre 
diameter and connected longitudinally by a number 
of fine fibrils. This structure creates porosity which 
allows tissue ingrowth, but it has been found that 
such tissue ingrowth is much more effective when 
it is continuous and uninterrupted. The fibril and 
node structure of this ligament prevents continuous 
tissue ingrowth. 

According to the present invention there is 
provided an artificial ligament for connecting across 
a skeletal joint, the ligament comprising a plurality 
of substantially parallel fibres of polymeric material 
that are bound together at opposite first and sec- 
ond ends of the ligament, and having fixation 
means at each of the first and second ends by 
which the ligament can be secured across the joint, 
to first and second bones of the joint respectively; 
characterised in that the fibres are formed from a 
yarn which comprises a plurality of filaments of 
diameter smaller than that of the yarn that are 
twisted together slightly so as to form the yarn, and 
are unconnected to allow ingrowth of collagenous 
tissue into the structure of the yarn fibres so as to 
encapsulate the filaments thereof. 

Thus the structure of the ligament of the 
present invention provides a scaffold on which new 
continuous ligamentous tissue originating within the 
host may be laid down. Animal studies have shown 
that the material is capable of supporting such 
ingrowth. Tissue ingrowth is facilitated by the fact 



that the main part of the implant is kept as parallel 
unconnected fibres, whereas a twisted, plaited or 
braided construction would cause the gaps be- 
tween the filaments to close under load, thus stran- 

5 gling any tissue ingrowth. The ligament of the 
present invention will eventually become a com- 
posite of polymeric fibres and natural collagenous 
tissue. The benefit of this is that the tissue could 
gradually take over the load-bearing function of the 

io implant as the polymer fibres are degraded in use. 
The time scale of this is unknown as yet, but is 
likely to be of the order of a few years. The 
strength of the composite structure is likely to be 
higher than that of the artificial ligament alone after 

75 some months, when it has been augmented by 
tissue, but not yet degraded mechanically or 
chemically. 

Preferably the ligament has a loop at each end 
formed by binding the fibres together. 

20 Preferably the ligament is made of polyethyl- 

ene terephthalate fibres known as Terylene" 
(Trade Mark) or "Dacron" (Trade Mark). 

Preferably the diameter of the filaments is in 
the range 5 to 25 microns. 

25 Preferably the fibres each comprise 20 fila- 

ments of 1 5 microns diameter. 

This small diameter is important because the 
host tissue is able to encapsulate each filament on 
a microscopic scale and maintain this capsule, 

30 whereas a large implant body might lead to un- 
desirable tissue changes in use. 

The filaments may be of clover leaf cross sec- 
tion, but preferably they are of circular cross sec- 
tion. The circular cross section is preferred be- 

35 cause material is slowly degraded in-vivo, and for 
this reason the circular cross section is best as it 
minimises the surface area. Because of this grad- 
ual degradation, there is probably an optimum fila- 
ment diameter - a very small filament would lose 

40 its strength rapidly. 

The ligament may be made by a method ac- 
cording to Claim 5. 

Preferably, the method includes forming a loop 
at each end of the ligament by binding the fibres 

45 together. Preferably the winding apparatus is an 
electrically driven drum with a collapsible section 
whereby the ligament may be removed from the 
drum. 

The ligament can be provided with fixation 
so means for fixing to a bone, comprising a substan- 
tially cylindrical grommet having an aperture there- 
in for accommodating a bone screw and a radially 
extending flange at one end thereof against which 
an end of the ligament locates. 
55 The flange is thus located at the end of the 
grommet which is, in use, furthest away from the 
bone. 
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Preferably the grommet includes a tapering 
portion at the end opposite the flanged end for 
expanding a loop in an end of the ligament, and a 
central portion between said two ends which is of 
larger diameter than that of the bone screw which it 
accommodates. 

Preferably the flanged end of the grommet is 
countersunk to completely accommodate the head 
of the bone screw. 

Preferably the flange has a flat undersurface. 

Thus, in use, two such grommets will be used 
with two suitable bone screws, one bone screw and 
one grommet being used to fix one end of the 
ligament to for example the tibia, and the other 
bone screw and grommet being used to fix the 
opposite end of the ligament to, for example the 
femur, across the knee joint. 

The grommet may be made of stainless steel, 
for use with stainless steel bone screws, or alter- 
natively of titanium or cobalt chrome alloys for use 
with cobalt chrome bone screws. The grommet 
may equally successfully be made of polymer or 
composite material. 

The grommet may have a smooth turned finish, 
but alternatively it incorporates a fine pitch buttress 
thread form or a series of circumferential grooves 
with a sawtooth form on the outer surface of the 
central portion to increase interlocking of the grom- 
met with the bone. 

Preferably, the outer surface of the central por- 
tion of the grommet is porous. 

The grommets may be supplied as accessories 
to conventional bone screws. The reason for this is 
the variation in the size of the bones. It is essential 
that anchorage screws of exactly the correct length 
are used -if they are too long, the tips will protrude 
from the far side of the bone, perhaps causing 
irritation, fraying, or puncturing of overlying tissue, 
whereas if they are too short the tip of the screw 
will not engage the far side of the bone tube, so 
the screw will topple sideways easily when loaded. 

All orthopaedic units have graduated sets of 
bone screws, so the correct length will always be 
available without the need to hold a large stock of 
special devices, such as would be the case if the 
grommet was an integral part of the bone screw. 

Alternatively, the grommet may be an integral 
part of the bone screw, in which case a number of 
different bone screw lengths would have to be 
provided. 

In use, a tapping hole is drilled into the femur, 
the upper portion of the hole being opened out to 
accommodate the grommet. The bone screw is 
passed through the grommet and the loop at one 
end of the ligament is passed over the screw and 
the grommet, the screw and grommet then being 
driven in to trap the loop against the bone. This 
procedure is repeated on the tibia to pull the liga- 



ment tight through the knee joint. 

The ligament may be implanted using a ten- 
sioning instrument which comprises a handle, a 
member for engaging an end of the ligament, and 
5 means to mark a bone to indicate the correct 
position for attachment of the ligament to the bone. 

The member for engaging an end of the liga- 
ment may, in the case of a ligament with looped 
ends, be shaped as a capstan. 
10 Alternatively, said ligament engaging member 
may, in the case of a ligament without looped 
ends, comprise two plates which can be screwed 
together to secure the ligament end therebetween, 
one or both of the plates being serrated. 
75 In either case, the means for marking the bone 

comprises one or more downwardly pointing spikes 
In the case where a capstan shape is em- 
ployed, the ligament engaging member may in- 
clude a central aperture therein for accommodating 
20 a drill bit. 

Preferably, the instrument includes means to 
apply tension to the ligament. 

Preferably the instrument also includes means 
to indicate quantitatively the degree of tension in 
25 the ligament. 

Embodiments of the present invention will now 
be described by way of example only, with refer- 
ence to the accompanying drawings in which :- 
Figure 1 is a schematic diagram of an artificial 
30 ligament and fixation means according to the 
present invention; 

Figure 1a is a cross section through a single 
fibre of the ligament; 

Figure 2 shows a method of replacing the anter- 
35 ior cruciate ligament with an artificial ligament of 
the present invention; 

Figure 3 shows a counterborer for use in the 
implantation of a ligament having looped ends; 
Figure 4a to 4d show various embodiments of a 
40 tensioning instrument which can be used during 
implantation of the ligament; 
Figure 5 shows an alternative tensioning instru- 
ment; and 

Figure 6 shows a further alternative tensioning 

45 instrument. 

Referring to Figures 1 and 1a an artificial liga- 
ment according to the present invention comprises 
a bundle of parallel fibres 1 of polyethylene tereph- 
thalate (PET), also known as "Terylene" (Trade 

50 Mark) or "Dacron" (Trade Mark). The type of PET 
chosen is the normal "bright" material which con- 
tains a low level of delustrent particles (normally 
titanium dioxide) which are used in most fabrics to 
give a matt appearance. The fibres are supplied on 

55 a bobbin as a yarn which is a bundle of filaments 
1a twisted slightly together after spinning. 

The filaments may have either circular or clo- 
ver leaf cross sections, with diameters in the range 
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5 to 25 microns. Prototype implants have been 
made with a yarn of 20 filaments each 15 microns 
diameter. 

When supplied by the manufacturer, the fibres 
are coated by traces of lubricants used during the 
spinnning. These are removed by washing with 
petroleum ether. 

The ligament is constructed by winding mul- 
tiple turns of the yarn on to an electrically driven 
drum, which has a counter attached. The drum 
circumference is chosen so that it equals twice the 
required implant length. The number of turns is 
chosen to give the required implant strength, which 
is determined from tests of cadaveric ligaments, 
data of forces expected in use, results of creep 
tests etc. 

The implant is released from the drum after 
collapsing a segment of the drum surface towards 
the centre. It is then hung on a hook, with a 
weighted hook at the bottom end, then a loop 4 is 
formed by binding the implant at each end 28, 
using the same yarn material. This binding is only 
intended to keep the loops at each end for conve- 
nience during handling, so it is not extensive. 

Thus the implant structure is effectively a col- 
lection of parallel fibres 1 of the yarn, each fibre 
containing multiple filaments 1a. It has a loop 4 at 
each end, the yarn being wound in a continuous 
length. 

In use, the ligament is placed across the knee 
joint on a pathway as close as possible to that of 
the natural ligament 8 (see Figure 2). This origi- 
nates from an area 9 on the medial face 10 of the 
lateral femoral condyle 11 which is situated post- 
erity in the intercondylar notch 12 of the femur 13. 
The ligament passes across the knee joint in an 
anterior and slightly medial direction, to its insertion 
site 14 on the superior surface of the tibia 15. 

If the artificial ligament is to be in the same 
position, the obvious action is to drill holes 16, 17 
through the femur and tibia respectively to the 
exterior surfaces, so that the implant can emerge, 
from or insert into, the bones at the correct points. 
This procedure is sometimes followed for the inser- 
tion of these devices, but there is evidence that the 
implants are abraded where they emerge from the 
femoral bone hole 18 as the knee moves. This can 
be avoided by passing the implant across the sur- 
face of the intercondylar notch of the femur until it 
can be taken over the top of the lateral femoral 
condyle 19, to reach the lateral surface of the 
femur 20. This gives a very close approximation to 
the path of the natural ligament and is known as 
the "over the top" route. 

The distal end of the implant is passed through 
a hole 17 drilled through the tibia between the 
insertion on the superior surface 14 and a point 
some 5 cm distal, on the antero-medial face 21. 



The fixation is accomplished by means of a metal- 
lic bone screw 5 passing through a metallic grom- 
met 6. The loop 4 of fibres passes around the 
grommet and is held down by a flange 7 which is 

5 integral with the grommet, as shown in Figure 1 . 

The grommet, two of which are used to fix the 
ligament across the knee joint, serves various pur- 
poses. It provides a smooth seating for the implant 
loop, and the flange 7 secures the loop against 

70 escape. The larger outer diameter of the grommets 
decreases the stress imposed on the bone, and the 
tapered end 29 expands the implant loop to tension 
it during insertion. The smooth seating 6 of the 
grommet is of a larger diameter than the shank of a 

75 bone screw, as well as being without sharp edged 
threads. Thus it will anchor the implant with lower 
stresses than if it were simply looped around the 
bone screw, decreasing the likelihood of failure at 
the anchorage point. The flange 7 gives greater 

20 security than the head of a bone screw, the latter 5 
having a conical under surface. The edge of the 
flange 7 is kept thin and has a rounded shape to 
minimise soft tissue disruption, particularly if close 
beneath the skin. The grommet is countersunk (30) 

25 to completely accommodate the head of the bone 
screw 5 for the same reasons. 

The large outer diameter of the grommet is 
important because it lowers the stress imposed on 
the bone during use. The bone is essentially a thin 

30 walled tube 2 containing weaker spongey bone. 
The artificial ligament will load the anchorage 
screw in a sideways direction, which will be re- 
sisted mainly by sideways reaction forces where 
the anchorage passes through the bone shell. A 

35 bone screw used alone will impose too high a 
compressive stress on the bone beneath its head. 
Loads in use will lead to a gradual cutting out by 
the screw, like a cheese wire. The grommet is 
intended to avoid this. 

40 The implant will probably be set up with some 
tension by the surgeon, the anchorage hole being 
drilled accordingly. Thus the end of the loop will 
need to be expanded as the second anchorage 
device is driven home, hence the tapered end 29 

45 on the grommet. The surface finish of the grommet 
is another important factor. A grommet with a 
smooth turned finish will not actually interlock with 
the bone, functioning solely against sideways 
forces. Incorporation of a fine pitch buttress thread 

50 form, or a series of circumferential grooves with a 
saw tooth form 31 on the cylindrical part of the 
outer surface, would increase interlocking of the 
grommet with the bone, giving the grommet an 
ability to resist forces tending to pull it out of the 

55 bone, rather than relying solely on the bone screw 
tip. Further enhanc ment could b obtained by the 
use of porous surfac s 32, to provide bone ing- 
rowth interlocking on an intimate scale. This could 



4 



7 



EP 0 260 970 B1 



8 



be created by sintering on a layer of beads or 
kinked wires of the same material as the grommet. 
One possible problem here is that th implant 
fibres could snag on this type of surface during 
insertion, causing them to be dragged into the 
bone hole and damaged. This could be avoided by 
insetting the porous material between smooth sur- 
faced ribs 33. 

When implanting the ligament, it is normal 
practice to fix the proximal end first. After threading 
the implant through the knee, over the femoral 
condyle and down the tibia, the approximate posi- 
tions of the end loops are found. The proximal 
fixation hole starts on the lateral side of the femur 
22, where a tapping drill hole is made for a bone 
screw. This is approximately 3 mm in diameter and 
passes right across the femur to emerge at the 
medial side 23. Unless the screw to be used is 
self-tapping, the drill hole is tapped with a screw 
thread at this stage. The entrance 24 to the drill 
hole is opened out to the size of the grommet 6, 
using a counterboring tool such as that shown in 
Figure 3 and described below. 

The diameter of the bone is measured and a 
screw chosen which will just protrude from the far 
side 26. The screw 5 is passed through the grom- 
met 6 and the loop 4 at the end of the implant 
passed around the grommet. The bone screw and 
grommet is then driven in so that the loop 4 is 
trapped against the bone surface. The implant is 
then pulled tight through the joint using the loop at 
the bottom end. The optimal position of the second 
screw is found, so that the joint is restored to 
normal stability, then it is inserted across the tibia 
using the same technique. 

The counterborer enlarges the tapping drill 
hole to the size of the grommet. It has a pilot rod 
34 to follow the drill hole, then a section the same 
shape as the grommet 35 into which are machined 
cutting surfaces 36. A ring of larger diameter 37 
acts as a depth stop. A shaft 38 is mounted in a 
drill chuck in use. 

A drill guide, of which various types have been 
produced in the past, is used to ensure that the 
drill hole through the tibia emerges into the joint 
space correctly, through the ligament insertion. A 
hook rasp is also used - this creates a groove for 
the implant to lay in as it passes over the femoral 
condyle, deepening the angle between the condyle 
and the femoral shaft 39. 

Presently, the tension in an artificial ligament, 
for example an artificial ACL, is usually achieved 
by guesswork, although it is vital to achieve the 
correct tension. If the ligament is too tight it will be 
predisposed to failure and will also inhibit joint 
motion. If it is too slack, the knee will be unstable. 

A tensioning instrument which can be used in 
the present invention may take various forms, as 



shown in Figures 4a to 4d and Figure 5. In its 
simplest form, shown in Figures 4a, the instrument 
is basically a hook on a handle. For use with 
ligaments having end loops, such as that of the 

5 present invention, the hook is shaped as a capstan 
40 with the same waist diameter as the grommet 6, 
and is used to pull the end loop 4 of the implant 
down the tibia. The undersurface has a spike 41 
which is hammered into the bone surface when the 

w operator feels that it is in the correct place. The 
spike prevents the loop from moving and also 
marks the bone. The surgeon may then test the 
knee for stability and motion, either accepting the 
position or trying a new one. The drill hole can then 

75 be placed accurately, using the hole left by the 
spike. A range of capstans may be provided to suit 
different implant end loop sizes to enable the de- 
vice to be used with other types of implants. 

Figure 4b shows an alternative device 42 for 

20 use with implants without end loops. In this device, 
two plates 42a and 42b are screwed together, 
gripping the ligament end between them, serrations 
being provided on one or both plates for this pur- 
pose. 

25 Since multiple attempts at marking the correct 

position would lead to confusion when choosing 
one of the spike holes for drilling, an improved 
version of implant tensioning tool could include an 
adjuster to enable the bone to be marked only 

30 when the desired tension has been achieved. Fig- 
ure 4c shows one such possible device, wherein 
the stationary datum 43a is impacted into the bone. 
The capstan 43b is moved relative to this datum 
until the desired tension is achieved, and the cap- 

35 stan spike is then hammered into the bone to 
provide the marker point. 

In Figure 4d, the capstan is set up as a drill 
guide 44 to avoid having to move it after finding 
the correct spot, and the spikes 41 are set around 

40 the central hole 44a. This alternative may be em- 
ployed in both types of tensioning device referred 
to above. 

All of these variations depend on the surgeon's 
judgement of knee behaviour. An alternative, as 

45 shown in Figure 5, would be to incorporate a force 
transducer into the tool for example a spring bal- 
ance in the handle, to show the tension in the 
implant as the knee is moved around by the sur- 
geon. It may be that there is a particular tension 

so that is correct with the knee at rest. 

The device shown in Figure 5 uses the implant 
loop 4 acting on a capstan 40 to pull a spindle 46 
out of the handle 47 and guide tube 48 assembly, 
deforming a spring 49 which is acted on by a cross 

55 pin 50. A further cross pin 51 which is fixed in the 
spindle 46 slides along slots in the wall of the 
guide tube 48, moving a sliding ring 52 along the 
guide tube in response to the spring deflection, 
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leaving the ring 52 to record on scale 53 the 
tension in the ligament as the knee is moved 
around. One disadvantage of the arrangement 
shown in Figure 5 is that the highest tension re- 
corded by the ring 52 will depend on the stiffness 
of the spring 49 in the handle 47, i.e. the instru- 
ment is not isometric. If the tensioning instrument 
were made so that it did not deflect appreciably 
(i.e. an isometric instrument) then the ligament 
would be stretched as the knee is moved in a 
manner which is a truer representation of the situ- 
ation after the ligament has been anchored to the 
bone, and the peak tension recorded will most 
probably be much higher. 

Such an isometric instrument is shown in Fig- 
ure 6, in which a beam 60 deflects only very 
slightly under load and has attached on each side 
thereof strain gauges 61, 62 to sense the bending 
of the beam 60 and transmit the resulting electrical 
signal to an amplifier and read-out device (not 
shown). Instead of the sliding ring 52 as in Figure 
5, the space between the tube 48 and spindle 46 is 
merely sealed with a flexible seal 63. This arrange- 
ment could be made completely self-contained by 
increasing the bulk of the handle and incorporating 
into the handle a power pack, amplifier and read- 
out display e.g. a liquid crystal display, thus avoid- 
ing the necessity of having a mains unit and wires 
in the operating theatre. 

Claims 

1. An artificial ligament for connecting across a 
skeletal joint, the ligament comprising a plural- 
ity of substantially parallel fibres (1) of poly- 
meric material that are bound together at op- 
posite first and second ends (28) of the liga- 
ment, and having fixation means (4) at each of 
the first and second ends by which the liga- 
ment can be secured across the joint, to first 
and second bones of the joint respectively; 
characterised in that the fibres (1) are formed 
from a yarn which comprises a plurality of 
filaments (1a) of diameter smaller than that of 
the yarn that are twisted together slightly so as 
to form the yarn, and are unconnected to allow 
ingrowth of collagenous tissue into the struc- 
ture of the yarn fibres so as to encapsulate the 
filaments thereof. 

2. A ligament as claimed in claim 1 , in which the 
fixation means comprise loops (4) at the first 
and second ends (28) of the ligament, respec- 
tively, formed by binding the fibres (1) to- 
gether. 

3. A ligament as claimed in claim 1 or claim 2, 
which is made of polyethylene terephthalate 



fibres (1). 

4. A ligament as claimed in any one of claims 1 
to 3, in which the diameter of the individual 

5 filaments (1a) is from 5 to 25 urn. 

5. A method of making an artificial ligament, com- 
prising (a) winding onto winding apparatus a 
plurality of turns of a fibre (1) of polymeric 

10 material formed as a yarn from a plurality of 

filaments (1a) of diameter smaller than that of 
the yarn by twisting the filaments together, and 
(b) removing the structure so formed from the 
winding apparatus, the filaments in the liga- 

75 ment being unconnected allowing ingrowth of 

collagenous tissue into the structure of the 
yarn fibres so as to encapsulate the filaments 
thereof. 

20 PatentansprUche 

1. Kunstliches Band zur Herstellung einer Verbin- 
dung uber ein Skelettgelenk hinweg mit einer 
Mehrzahl von im wesentlichen parallelen Fa- 

25 sern (1) aus polymerem Material, die an einem 

ersten und einem gegenuberliegenden zweiten 
Ende (28) des Bandes miteinander verbunden 
sind, und mit einer Befestigungseinrichtung (4) 
an jedem der beiden Enden, mit der das Band 

30 uber das Gelenk hinweg an einem ersten bzw. 

zweiten Knochen des Gelenkes befestigt wer- 
den kann, dadurch gekennzeichnet, daB die 
Fasern (1) aus einem Garn gebildet sind, wel- 
ches eine Mehrzahl von Filamenten (1a) um- 

35 fafit, deren Durchmesser kleiner als derjenige 

des Games ist und die leicht zur Ausbildung 
des Games zusammengedreht und unverbun- 
den sind, derart, daB Collagen-Gewebe in die 
Struktur der Garnfasern einwachsen und deren 

40 Filamente einkapseln kann. 

2. Band nach Anspruch 1 , bei welchem die Befe- 
stigungseinrichtung Schleifen (4) an den bei- 
den Enden (28) des Bandes umfafit, die durch 

45 Zusammenbinden der Fasern (1) gebildet sind. 

3. Band nach Anspruch 1 Oder 2, welches aus 
Polyethylen-Terephthalat-Fasern (1) hergestellt 
ist. 

50 

4. Band nach einem der Anspruche 1 bis 3, bei 
welchem der Durchmesser der einzelnen Fila- 
mente (1a) zwischen 5 und 25 urn betragt. 

55 5. Verfahren zur Herstellung eines kunstliches 
Bandes, bei welchem (a) eine Mehrzahl von 
Windungen iner Faser (1) aus polymerem 
Material, welche als Garn aus einer Vielzahl 
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von Filamenten (1a) durch Zusammendrehen 
der Filamente gebildet ist, auf eine Wickelvor- 
richtung aufgewickelt wird, wobei der Durch- 
messer der Filamente (1a) kleiner als derjenige 
des Games ist; und bei welchem (b) die so 5 
gebildete Struktur von der Wickelvorrichtung 
abgenommen wird, wobei die Filamente in 
dem Band unverbunden sind und so ein Ein- 
wachsen von Collagen-Gewebes in die Struktur 
der Garnfasern und eine Einkapselung der Fi- io 
lamente ermtfglichen. 

Revendications 

1. Ligament artificial pour etablir une liaison de 75 
part et d'autre d'une articulation du squelette, 

le ligament comprenant une plurality de fibres 
(1) sensiblement paralleles qui sont consti- 
tutes par une matiere polymere et qui sont 
reliees entre elles a une premiere extrSmite* et 20 
a une seconde extrtmite" opposee (28) du liga- 
ment, et comprenant a chacune des premiere 
et seconde extrdmitSs des moyens de fixation 
(4) par lesquels le ligament peut etre fixe* de 
part et d'autre de I'articulation, respectivement 25 
au premier os et au second os de rarticulation, 
caracteVise* par le fait que les fibres (1) sont 
formers a partir d'un fil, celui-ci comprenant 
une plurality de filaments (1a) dont le diametre 
est infeVieur a celui du fil, qui sont l^gerement 30 
retordus de fagon a former le fil et qui ne sont 
pas relics entre eux afin de permettre le de*ve- 
loppement du tissu conjonctif dans la structure 
des fibres du fil de maniere a noyer les fila- 
ments de celui-ci. 35 

2. Ligament selon la revendication 1, caracteVise* 
par le fait que les moyens de fixation com- 
prennent des boucles (4) qui sont formtes en 
reliant les fibres (1) entre elles, respectivement 40 
a la premiere et a la seconde extre*mite* (28) 

du ligament. 

3. Ligament selon la revendication 1 ou la reven- 
dication 2 qui est constitue* par des fibres (1) 45 
en teVSphtalate de polyethylene. 

4. Ligament selon Tune quelconque des revendi- 
cations 1 a 3, dans lequel le diametre des 
filaments individuels (1a) est compris entre 5 50 
et 25 urn. 

5. Proc6d6 pour fabriquer un ligament artificiel 
qui comprend les Stapes dans lesquelles : 

(a) on enroule sur un appareil d'enroule- 55 
ment une plurality de spires d'une fibr (1) 
en une matiere polymere, celle-ci Stant for- 
med d'un fil qui est obtenu a partir d'une 



pluralite* de filaments (1a) dont le diametre 
est infeVieur a celui du fil, et ce, en retor- 
dant les filaments, et : 

(b) on enleve de I'appareil d'enroulement la 
structure ainsi formed, les filaments du liga- 
ment n'^tant pas relics entre eux, ce qui 
permet le deVeloppement du tissu conjonctif 
dans la structure des fibres du fil de manie- 
re a noyer les filaments de celui-ci. 
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FIG. 1A 
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FIG. 2 




FIG. 3 
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FIG. 4A 
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FIG. 4D 
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